Accelerated idioventricular rhythms (AIVR) are ectopic ventricular rhythms with rates intermediate between idioventricular escape rhythms (30 to 40/min) and ventricular tachycardia (120 to 180/min). Differentiation of AIVR from supraventricular arrhythmias rests primarily on demonstration of their ventricular origin. His' bundle electrograms (HBE) were recorded in four patients during AIVR. HBE verified the idioventricular nature of the ectopic rhythm and excluded supraventricular rhythm with aberration as a cause. In addition, they permitted the recognition of normally conducted sinus beats, fusion beats, and idioventricular beats. The pacemaker site for the AIVR was below the bundle of His. AIVR became manifest when the heart rate was slowed by increasing vagal tone, premature atrial stimulation, and high degree atrioventricular (A-V) block. AIVR could be suppressed and 1:1 A-V conduction established by increasing the atrial rate with atropine or by atrial pacing.
Methods
Four patients were studied because of an ectopic rhythm which appeared to be secondary to an accelerated idioventricular focus. The patients were advised of the nature of the study and a signed consent was obtained. Right heart catheterization was performed in the postabsorptive, nonsedated state. Recordings of the His bundle were obtained according to methods previous described. 11 12 In addition, a quadripolar electrode catheter was introduced into the right antecubital vein and positioned fluoroscopically against the lateral wall of the right atrium. The distal pair of electrodes was used to pace the right atrium above sinus rates using a batterypowered pacemaker (model 5837*) which delivered impulses of 2-msec duration with milliamperage adjusted to approximately twice threshold. The proximal pair was used to record a high right atrial electrogram. A time mark generator (model 184t) was utilized for recording time intervals of 10 and 100 msec. The A-H (atrial to His) interval was taken as a measure of atrioventricular (A-V) nodal conduction time (normal, 60 to 140 msec) *Medtronics, Inc., Minneapolis, Minnesota. tTektronix, Portland, Oregon. 671 while the H-V (His to ventricle) interval was taken as a measure of His-Purkinje conduction time (normal, 30 to 55 msec).
All equipment was carefully grounded to avoid introduction of random currents. All patients tolerated the procedure well without complications.
Results
In all four cases, bundle of His recordings verified the idioventricular nature of the ectopic rhythm and permitted the recognition of normally conducted sinus beats, fusion beats, and idioventricular beats. The term "fusion beat" will refer to ventricular depolarization which results in part from a supraventricular impulse propagated through the His bundle and in part from activation spreading from an ectopic ventricular pacemaker. Electrocardiographically, they are characterized by configurations intermediate between normally conducted sinus beats and idioventricular beats and are associated with H-V times of 0 to normal.
Report of Cases
Patient 1 was a 64-year-old man with congestive failure and probable digitalis toxicity. Sinus rhythm was interrupted at frequent intervals by runs of an ectopic rhythm consisting of 3 to 30 beats with a cycle length slightly slower than sinus rhythm (690 msec vs. average sinus cycle of 650 msec). The emergence of the ectopic focus was usually related to sinus slowing. Occasionally, the ectopic focus appeared independent of the sinus rate. The patient was unaware of changing rate or rhythm and, despite lengthy runs of AIVR, had no apparent hemodynamic consequences. Figure 1 , panel A, shows normal sinus rhythm with a cycle length of 960 msec. The A-H interval is 115 msec, and the H-V interval is 55 msec. The remaining panels' show incomplete A-V dissociation during idioventricular rhythm in which there are capture and fusion beats. During the idioventricular rhythm, the ectopic ventricular impulse is retrogradely conducted to the bundle of His and is concealed in the A-V node. In panels B to E, failure of the first sinus impulse (A) to capture the ventricles is explained by retrograde concealed conduction. The same phenomenon explains the prolonged A-H interval of the second sinus impulse; the closer the sinus impulse to the preceding ectopic ventricular impulse, the longer the A-V conduction time (A-H interval) of the sinus beat.
The AIVR was suppressed when the sinus rate was increased to 100/min following administration of 1 mg of atropine. The cycle length of the ectopic focus varied within 85 msec (from 650 to 735 msec) and did not act as a parasystolic focus. The ectopic rhythm resolved after the discontinuation of digitalis therapy. Patient 2 was a 62-year-old woman with rheumatic heart disease and evidence of mitral, aortic, and tricuspid insufficiency, whose clinical course was strongly suggestive of digitalis toxicity. She was unaware of change in rate or rhythm, and tolerated frequent episodes of AIVR, consisting of 2 to 16 beats, without apparent consequence. AIVR became manifest following ventricular slowing during sinus rhythm, sinus arrhythmia, carotid sinus massage, atrial flutter with high degree A-V block, and premature atrial stimulation, and was suppressed by pacing the atrium slightly faster than the rate of the ectopic focus. Figure 2 shows one mechanism for the appearance of the ectopic rhythm. Sinus slowing subsequent to a premature atrial beat unmasked the underlying AIVR. At other times, the R-R interval during AIVR frequently increased to approximately twice the basic cycle length, suggesting exit block. No evidence of parasystole was present. After administration of digoxin had been discontinued for 5 days, the AIVR disappeared. Patient diastole with a coupling interval of 510 to 550 msec and continuing with a cycle length ranging from 430 to 600 msec (average, 530 msee; fig.  4 ). Following spontaneous pauses of 760 to 1,080 msec, sinus rhythm would resume. Fusion beats were occasionally seen. Following the administration of 1 mg of atropine, the sinus rate accelerated sufficiently to suppress the ectopic rhythm. Intravenous administration of 100 mg of lidocaine had no effect, but following the intravenous administration of 100 mg of procainamide, the ectopic rhythm terminated. Because of the complaint of palpitation, the rhythm was kept suppressed with oral doses of procainamide.
Discussion
Ventricular ectopy can be classified into at least three types; extrasystolic, parasystolic, and idioventricular. 1 the suggestion of Marriott and Menendez, '7 The primary factor in diagnosis is the the rhythm has been referred to as "accelerat-establishment of the ventricular origin of thie ed idioventricular rhythm" in this study.
arrhythmia. It is known for example that A-V junctional beats or rhythms may occur with abnormal QRS configurations which are due to delay or block within the conduction system, or accessory A-V conduction pathways.24 2 Conduction disturbances have also been noted in conjunction with slower heart rates and prolonged cycle lengths. 26 The most reliable electrocardiographic indicator of an active ventricular pacemaker has been the presence of fusion beats.17 ' 27,28 However, even the significance of fusion beats has been questioned.29 By utilizing His bundle recordings, we showed that rhythms which satisfied the criteria for accelerated idioventricular rhythms were of ventricular origin in four instances in this study. The ventricular depolarizations resulting from the ectopic focus were not preceded by a bundle of His deflection in any of these four cases. When fusion beats occurred, as they did in all four cases, His bundle deflections preceded ventricular depolarizations with varying H-V intervals. When the antegrade His deflection appeared after the onset of ventricular depolarization, the sinus impulse appeared to make little or no contribution to ventricular activation. Antegrade bundle of His deflections were observed to fall randomly throughout the ventricular electrogram, making it unlikely that macro-reentry utilizing the bundle of His or bundle branches is responsible for the arrhythmia. Because of the absence of retrograde His deflections and the ability of the His bundle to be depolarized antegradely in a random fashion, an ectopic origin in the most proximal segments of the fascicles of the conduction system is also unlikely. AIVR became manifest when the heart rate was slowed during sinus rhythm by increasing vagal tone (carotid sinus massage), premature atrial stimulation, and high degree A-V block. The AIVR could be suppressed and 1:1 A-V conduction established by increasing the atrial rate by giving atropine or by atrial pacing.
Concealed retrograde conduction in the A-V node was demonstrated in one instance (patient 1), and retrograde atrial capture occurred in another (patient 4). Retrograde atrial capture is associated with more sus-tained periods of arrhythmia because the sinus pacemaker comes under the control of the idioventricular pacemaker. AIVR has been noted in association with acute myocardial infarction,3, -9, 13, 16, 19-22, 30, 31 digitalis toxicity,2' 5 and in a pregnant woman with no other evidence of cardiovascular disease.2 In this study, three cases appeared related to digitalis toxicity and the remaining patient had no associated findings. The clinical course in all was benign.
In this study, His bundle recordings permitted verification of the idioventricular nature of the ectopic rhythm and the exclusion of supraventricular rhythms with aberration as a cause. In addition they permitted recognition of normally conducted sinus beats, fusion beats, and idioventricular beats.
